Many climate models are unable to capture the magnitude of observed warming and sea ice 7 decline in high northern latitudes. To understand the factors affecting the simulated warming 8 we compare the response to increasing CO 2 in two pairs of climate models by decomposing 9 the 40-90
b. Experiments

112
We report on two integrations of each model. The first experiment is a "mean climate" scenario is a standard to compare model behavior (Manabe et al. 1991; Meehl et al. 2000) .
117
We do not aim for predictions of the future real world climate state or comparisons to 118 historical observations. Nonetheless the 1% CO 2 forcing is linearly transferable to prevalent Arctic region.
152
The absorbed shortwave radiation (SW) and outgoing longwave radiation (OLR) can 153 be differenced to obtain the net downward top of the atmosphere (TOA) radiation flux. 
.
159
Throughout our analysis heat fluxes contain latent components. The convergence of atmosphere has no heat capacity:
The ocean heat transport (OHT) through 40 
206
We show later that atmospheric heat convergence also balances the energy fluxes in the high 207 latitude region.
208
All four of our models agree on the sign of the flux perturbations (not shown studied here confirm the relationships in larger ensembles studied previously.
237
The impact of the control overturning strength and the overturning decline is expected and more pronounced hemispheric asymmetry than CM2.1 and ESM2G.
295
The prominent features of Figure 6 are summarized in Table 2 . All entries are, like 296 the temperature fields in Figure 6, i.e., a 20 year average centered around year 70 from the beginning of the perturbed run.
heat uptake as well as the equilibrium climate sensitivity.
306
The global and 40-90
• N average surface air temperature increases are shown in the 307 first row of 
320
Here the regional ocean heat uptake efficiency is calculated using the change in surface to be important to the global efficiency differences.
328
The next to last row shows that the reduced warming in CM2.1 and ESM2G is also In Figure 7 we use the same region as in Figure 2a the OHT difference arrow in Figure 7a points north.
351
The main idea is to determine the cause of the temperature response differences. In is driven by the SAF induced enhanced ocean shortwave heat uptake, and damped by non-405 SAF (atmospheric) processes.
406 Table 3 shows a TOA SW break down, which clarifies that, in terms of high latitude tem-407 perature increase amplification, the non-SAF might act to reduce the temperature amplifi- response, we cannot determine causality. However, the formulation of the ESM2preG/G pair
414
-with only the ocean mixing being substantially different -indicates an oceanic driver as 415 a possible explanation for the differences. This is a rare opportunity to trace a significant 416 change in sensitivities to formulation differences between the model components.
417
In Section 3c and Figure 7 we showed our model high latitude surface warming difference contribution of the TOA SW perturbation might act either to damp or enhance differences.
422
Our results on the importance of the Labrador Sea convection may be sensitive to reso- • N region and perturbation differences split up into the surface albedo feedback (SAF) and non-SAF contributions, in W/m 2 . Net TOA is positive downward and perturbation means the hundred year averaged difference of the 1% CO 2 /yr forced and control run. net TOA SW = surface + non-surface ∆CM2.0 -∆CM2.1 (Figure 7a • N of the 1% CO 2 /yr forced run, in Sverdrups (10 6 m 3 s −1 ), 5 year running mean, detailed description in Section 3. The time of CO 2 doubling and quadrupling is indicated in year 70 and 140, respectively. ESM2G (black), ESM2preG (red), CM2.1 (blue), CM2.0 (green). Mixed layer depth response (m) • N.
